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$X$ , $n$- $\mathbb{C}^{n}$ $O$ . $f$ , $X$ ,
$O$ . $f$ $J\subset \mathcal{O}x,\mathit{0}$ ,
$n$ , $J$ annihilate
$\Omega_{f}=\{\psi\in \mathcal{H}_{[O]}^{n}(\Omega_{X}^{n})|\psi’ g=0, \forall g\in J\}$
. , Ox, $O_{X}$ , $\Omega_{X}^{n}$ $n$
. , $\Omega_{f}$ $Ox,\mathit{0}/J$ pairing
. pairing ( ) , $\Omega_{f}$
$O_{X,O}/J$ ,
$\omega\in\Omega_{f}$ $\Omega_{f}$ $\mathcal{O}_{X,\mathrm{O}}$ . $k$ , $\mathcal{L}_{D_{\mathrm{X}O}}^{(k)}(\omega)$ $k$
, $\omega\in\Omega_{f}$ annihilate , $Ann_{\mathcal{D}_{X}}^{(k)}$
.
$(\omega)$ ,
L o(\mbox{\boldmath $\omega$}) $D_{X,O}$ . , Dx, $X$
$D_{X}$ .
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$D_{X,O}/Ann_{D_{X,O}}^{(k)},(\omega)$ $\mu_{f}^{(k)}$
$\langle$ . $\mu_{f}^{(0)}$ , Milnor
– . , $\mu_{f}^{(k)}$ , $f$ . ,
$k=1$ , $\mu_{f}^{(1)}$ , . ,
.
$\text{ }*\not\in \mathrm{E}[6]\mu^{(1)}g_{\text{ }}=$
.
$1$ $f\in O_{X,O}$ +
[3] $f\in O_{X,O}$ unimodal .
, $\mu_{j}^{(1)}=2$
, $f$ , inner modality 4 upper monomial
– . , $\mu_{f}^{(1)}$ , Milnor Tjurina
$\mu_{f}^{(1\rangle}=\dim_{\mathrm{C}}O_{X,O}/J-\dim_{\mathrm{C}}$ $O_{X,O}/(f, J)+1$
([4]).
, $\Omega_{f},$ $Ann_{D_{X}}^{(k)}$, $(\omega)$
. , ,






, $\Omega_{f}$ annihilator .
1 $\Omega_{f}$
, $\mathbb{C}^{n}$ $x=(x_{1}, \ldots, x_{n})$ .
, relative \v{C}ech cohomology
$[ \sum a_{\lambda}\frac{1}{x^{\lambda}}dx]$ $=$ $[ \sum a_{\ell_{1}\ldots\ell_{7}}‘\frac{1}{x_{1}^{\ell_{1}}\ldots x_{n^{\iota}}^{\ell}},dx]$
$= \sum[a\ell_{1}\ldots\ell_{\tau\iota}\frac{1}{x_{1}^{\ell_{1}}\ldots x_{n^{\iota}}^{\ell}},dx]$
. , $\sum$ , $\lambda=(l_{1}, \ldots, l_{n})\in \mathrm{N}_{+}^{n}$
. $dx=dx_{1}\wedge dx_{2}\wedge\cdots\wedge dx_{n}$ .
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$[ \frac{1}{x_{1}\ldots x_{r\iota}}dx]l\mathrm{h}$, Dirac $\text{ }\not\in \text{ }\delta\#^{}\lambda\backslash \}_{r\llcorner\backslash }\Gamma^{\backslash }\text{ }$ . $\text{ }j\#^{}\llcorner\lambda\backslash \mathrm{J}$
$x_{j}\delta=0$ , $\delta\in\Omega_{f}$ \hslash . , $\Omega_{f}$ ffl $l\mathrm{h}$ , – B 6 $\gamma_{X}$
. , , $\Omega_{f}$ , \mbox{\boldmath $\sigma$})\Re \mbox{\boldmath $\kappa$}’ro
. - , $\mathrm{A}1$
.
, $\Omega_{f}$ $\mathbb{C}$ .
1.1
, . $\lambda=(\ell_{1}, \ldots, \ell_{n})$
, $x^{\lambda}=x_{1}^{p_{1}}\ldots x_{n}^{\ell_{n}},$ $| \lambda|=\sum_{j=1}^{n}\ell_{j}$ . $\succ$
.
1( ).
$[ \frac{1}{x^{\lambda}}dx],$ $[ \frac{1}{x^{\lambda}’}dx]$ , $\succ$










11. $\psi\in \mathcal{H}_{[O]}^{n}(\Omega_{X})$ , $\psi$ $\Omega_{f}$
, $j=1..,$$n’.$. $x_{j}\psi\in\Omega_{f}$ \Re .
1.2
$f$ , $f_{j}=$ $\partial x_{j}\partial$
$F_{j}$ .
$F_{j}= \{\kappa\in \mathrm{N}^{n}|f_{j}=\sum_{\kappa}a_{\kappa}x^{\kappa}, a_{\kappa}\neq 0\}$ .
170
$F= \bigcup_{j=1}^{n}F_{j}$ , $\overline{F}=\{\kappa’+\kappa’\in \mathrm{N}^{n}|\kappa\in F, \kappa’\in \mathrm{N}^{n}\}$ , $K_{S}=\mathrm{N}^{n}\backslash \overline{F}$
. $K_{S}$ As $=\{\lambda+1|\lambda\in K_{S}\}$ . , $1=(1, \ldots, 1)$ .
, .









1( ). $\tau$ ,








2( ). $\rho\prec\tau$ , $\tau$













, $\Omega_{f}$ . $dx$
, $\eta dx$ , $dx$ $\eta\in \mathcal{H}_{[O]}^{n}(O_{X})$
. , $\mathcal{H}_{f}=\{\eta\in \mathcal{H}_{[O]}^{n}(O_{X})|g\eta=0, \forall g\in J\}$ \emptyset ‘P $l\mathrm{s}_{\mathrm{R}}^{*}\text{ }$
.
1( ). $\mathcal{H}_{f}$ ,
$\Delta_{S}=\{\eta_{1}, \ldots, \eta_{s}\}$ , $d$
$\eta_{8+1},$ $\ldots$ , $\eta_{k}$ , .
$\Delta=\{\eta_{1}, \ldots, \eta_{k}\}$
$\langle$ .
1. $|\lambda|=d+1$ $\lambda$ , 1 ,
$[ \frac{1}{x^{\lambda}}]$ .
2. $[1/x^{\lambda}]\succ[1/x^{\nu}]$ $[1/x^{\nu}]$ ,
$\Delta_{S}$ , 2 ,
$C_{\lambda}$ . $c_{\nu}$ ,
$\eta=[\frac{1}{x^{\lambda}}]+\sum_{\nu\in C_{\lambda}}c_{\nu}[\frac{1}{x^{\nu}}]$
.
3. $c_{\nu}$ – $\ovalbox{\tt\small REJECT}\eta=0,$ $j=1,$ $\ldots,$ $n$ .
$\bullet$ , $\Delta=\Delta\cup\{\eta\}$ .




, $\Delta$ $\mathcal{H}_{f}$ .
$\mathcal{H}_{f}$ $dx$ , $\Omega_{f}$
. , 2,3 , 11 ,
.
1.4
$f=x^{3}y+y^{6}+axy^{5}$ ( $a$ ) $\mathcal{H}_{f}$ .
.
$\Lambda_{S}=\{(1,1), (1,2), (2,1), (1,3), (2,2), (3,1), (1,4), (2,3), (1,5), (2,4)\}$
,
$\Delta_{S}=\{[\frac{1}{xy}],$ $[ \frac{1}{xy^{2}}],$ $[ \frac{1}{x^{2}y}],$ $[ \frac{1}{xy^{3}}],$ $[ \frac{1}{x^{2}y^{2}}]$ ,
$[ \frac{1}{x^{3}y}],$ $[ \frac{1}{xy^{4}}],$ $[ \frac{1}{x^{2}y^{3}}],$ $[ \frac{1}{xy^{5}}],$ $[ \frac{1}{x^{2}y^{4}}]\}$
.
. $\Delta=\Delta_{S}$ .
, 5 , $\Delta_{S}$ , $x\tau,$ $y\tau$ $\Delta s$
$0$ , $\{(3,2), (4,1)\}$ , .
$[1/x^{3}y^{2}]$ .
$\Delta_{S}$
. $(3, 2)$ .
$[1/x^{4}y]$ .
$C_{(4,1)}=\{(3,2)\}$ . $\eta=[1/x^{4}y]+c_{(3,2)}[1/x^{3}y^{2}]$ . , $\partial\partial v^{\eta}\neq 0$
, $[1/x^{4}y]$ $\mathcal{H}_{f}$ .
6 , 1 $\triangle s$ .
7 , 1 , $\Delta_{S}$ $\{(1,6), (2,5)\}$
.
$[1/xy^{6}]$ . $C_{(1,6)}=\{(3,2), (4,1)\}$ .
$\eta=[\frac{1}{xy^{6}}+c_{(3_{:}2\rangle}\frac{1}{x^{3}y^{2}}+c_{(4,1)}\frac{1}{x^{4}y}]$
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, 8 , $\Delta s$ , $x\tau$, $0$
, $(1, 6)$ $(2, 5)$ – .
$\{(1,7), (2,6)\}$ .
$[1/xy^{7}]$ . $C_{(1,7)}=\{(3,2), (4,1), (3,3), (4,2), (5,1)\}$ .
$[1/xy^{7}]$ , annihilate
, $[1/xy^{7}]$ .
$[1/x^{2}y^{6}]$ . $C_{(2,6)}=\{(3,3), (4,2), (5,1), (1,7)\}$ . $[1/x^{2}y^{6}]$





. , $\mathcal{H}_{f}$ $\Delta$
.
2 annihilator
$\Omega_{f}$ OX, annihilate 1
. J – O
annihilator , [7] , ,
, . ,




$\omega$ $\Omega_{f}$ $O_{X,O}$ . $\omega$ $D_{X,O}$ annihilator $Dx,\mathit{0}$
$Ann_{\mathcal{D}_{X.O}}(\omega)$ .
$\mathcal{L}^{(k)}(\omega)$ , \mbox{\boldmath $\omega$} annihilate $k$





$\omega$ $\Omega_{f}$ , $Ann_{D_{X}}^{(0)}$
.
$(\omega)=JDx,\mathit{0}$ .








, $P,$ $Q$ , $[P, Q]=$ PQ–QP .
.
1. $R$ $k$ . .
(i) $g\in J$
$[R, g]\in \mathcal{L}^{(k-1)}(\omega)^{\forall},g\in \mathcal{L}^{(0)}(\omega)=J$
.
(ii) $h\in Ox$ $\omega(R+h)=0$ .
: , $s$ $S$ $t$ $T$ , $[S, T]$
$s+t-1$ . $R+h\in Ann_{\mathcal{D}_{X}}$ . $(\omega)$ , $[R+h, g]=$
$[R, g]\in Ann_{D\chi}$
,
$(\omega)$ , $[R, g]\in \mathcal{L}^{(k-1)}(\omega)$ . , $k$
$R$ , $[R, g]\in \mathcal{L}^{(k-1)}(\omega)$ . , $\omega[R, g]=\omega Rg-\omega gR$ ,
$g\in \mathcal{L}^{(0)}(\omega)$ $\omega gR=0$ , $\omega[R, g]=\omega Rg$ . , $[R, g]\in \mathcal{L}^{(k-1)}(\omega)$
, $\omega R$ , $g\in J$ $(\omega R)g=0$
. $\Omega_{f}$ ,
$\omega R\in\Omega_{f}$
. $\Omega_{f}$ Ox, $\omega$ ,
$\omega R=-\omega h$
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$J$ $\omega$ annihilate , $\omega$ annihilator
, $o_{x,0}/J$
. , annihilator $\mathcal{O}_{X,\mathrm{O}}/J$
. ,
, , $f\in K[x]$ .
$\mathcal{H}_{f}$ ,
$\{\eta_{s+1}, \ldots, \eta_{\mu}\}$ . ,
.
$\{\rho_{1}, \ldots, \rho_{p}\}$ . , .
$A$ .
$=A$ .
$A$ $\mu-s$ $(\mu-s,p)$ .
$A$ . $\tilde{A}$
$[1/x^{\lambda_{i}}],$ $i=s+1,$ $\ldots$ , $\mu$ . $i$
$\kappa_{i}$
$\kappa_{i}=\lambda_{i}-1$ , $K_{D}=\{\kappa_{\epsilon+1}, \ldots, \kappa_{\mu}\}$ . .
21. $f\in K[x]$ . $\partial f/\partial x_{1},$ $\ldots,$ $\partial f/\partial x_{n}$
$J$ . $J$ ,
$J_{0}$ . , K[x]/ $\succ$
$\{x^{\kappa}|\kappa\in K_{S}\cup K_{D}\}$ .
‘ $K\text{ }/J_{0}$ $E=\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\{x^{\kappa}|\kappa\in K_{S}\cup K_{D}\}$ – .
$n$




. $n$ , $2n$ ,
, $\succ$ .
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$k$ $P= \sum a_{\gamma}(x)(\frac{\text{\^{o}}}{\partial x})^{\gamma}$ , $\sigma(P)$ .
, $\sigma(P)$ $\mathrm{h}\mathrm{t}(P)$ , $P$ .
$|\gamma|=k\in \mathrm{N}$ $\gamma\in \mathrm{N}^{n}$ ,
$L_{\gamma}^{(k)}=$ { $P\in Ann_{D_{X}}$, $( \omega)|P=a_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma}+,\sum_{\gamma\prec\gamma}a_{\gamma’}(x)(\frac{\partial}{\partial x})^{\gamma’},$ $a_{\gamma}(x)\in E,$ $|\gamma|=k$ }
,
$T_{\gamma}=\{x^{\alpha}\in E|\exists_{P}\in L_{\gamma}^{(k)}, \mathrm{s}.\mathrm{t}., \mathrm{h}\mathrm{t}(P)=x^{\alpha}\xi^{\gamma}\}$ ,
$E_{\gamma}=\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\{x^{\alpha}\in E|x^{\alpha}\not\in T_{\gamma}\}$




$\gamma$ , $\gamma’$ , $i=1,$ $\ldots,$ $n$
\mbox{\boldmath $\gamma$}i\geq \mbox{\boldmath $\gamma$}( , , – $>\gamma_{1}’$. , $\gamma>\gamma’$
.
$E_{\gamma}’= \bigcap_{\gamma’<\gamma}E_{\gamma’}$
. , $k\geq 1$ ,
$V_{\gamma\prime}^{(k)}= \{P\in L_{\gamma}^{(k)}|P=a_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma}+,\sum_{\gamma\prec\gamma}a_{\gamma’}(x)(\frac{\partial}{\partial x})^{\gamma’}, a_{\gamma}(x)\in E_{\gamma}’, a_{\gamma’}(x)\in E_{\gamma’}\}$
. $V^{(k)}=\oplus_{|\gamma|=k}V_{\gamma}^{(k)}$ . , $V_{\gamma}^{(k)}$ ,




$T_{\gamma}=( \bigcup_{\gamma’<\gamma}T_{\gamma’})\cup\{x^{\alpha}\in E_{\gamma}’|\exists_{P}\in V_{\gamma}^{(k)}, \mathrm{s}.\mathrm{t}., \mathrm{h}\mathrm{t}(P)=x^{\alpha}\xi^{\gamma}\}$
.
, $V^{(1)},$ $\ldots,$ $V^{(k-1)}$ . $B^{(j\rangle}$ $V^{(j)}$ .
$\bigcup_{j=1}^{k-1}B^{(j)}=\{P_{1}, \ldots, P_{\ell}\}\mathrm{B}^{\mathrm{i}}\mathit{5}\grave{\mathrm{x}}\text{ }\mathrm{i}\iota\gamma.-\text{ ^{}\vee}’$ . , 1 $\mathrm{m}\mathrm{e}\mathrm{m}\mathrm{b}\mathrm{e}\mathrm{r}\mathrm{s}\mathrm{h}‘ \mathrm{p}$
$\text{ }\mathrm{F}\mathrm{h}1\backslash \lambda^{-}\mathrm{F}\text{ }$J3lj $\cross$‘ $\text{ ^{}*}-\doteqdot \text{ }n\text{ }$ .
2 (membership). $P= \sum a_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma},$ $g\in J$
$( \sum a_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma})g-g\sum a_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma}$
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,$[P, g]= \sum_{|\gamma|\leq k-1}b_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma}$
.
1. $\gamma$ , $b_{\gamma}(x)$ $J$ ( $E$ ) , $\Omega_{f}$
.
$b_{\gamma}(x)$ ,
$R= \sum_{|\gamma|\leq k-1}b_{\gamma}(x)(\frac{\partial}{\partial x})^{\gamma}$
.
2. $\mathrm{h}\mathrm{t}(R)=\mathrm{h}\mathrm{t}(P_{1})h_{1}(x, \xi)+\cdots+\mathrm{h}\mathrm{t}(P\ell)h_{\ell}(x, \xi)$ $2n$ $h_{1}(x, \xi),$ $\ldots,$ $h_{\ell}(x, \xi)$
.
3. $R-(.P_{1}h_{1}(x, \frac{\partial}{\partial x})+\cdots+P_{\ell}h_{\ell}(x, \frac{\partial}{\partial x}))$ $R$ .











(a) $\gamma=(0, \ldots, 0,1)$ $V_{\gamma}^{(1)}$
$a_{\lambda}$ , $a(x)= \sum_{\lambda\neq 0}a_{\lambda}x^{\lambda}\in E$ , R=a(x) .
$[R, g]\in J$ $a(x)$ .
$R$ , $R+h\in \mathcal{L}^{(1)}(\omega)$ $h$ .
$P=R+h$ , $P$ $V_{\gamma}^{(1)}$ $B_{\gamma}^{(1)}$
.
$T_{\gamma}$ , $E_{\gamma}=E\backslash T_{\gamma-}$ .
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(b) $\gamma=(0, \ldots, 0,1,0)$ $V_{\gamma}^{(1)}$
$a_{n-1}(x)= \sum_{\lambda\neq 0}a_{n-1,\lambda}x^{\lambda}\in E,$ $a_{n}(x)\in E_{(0,\ldots,0,1)}$ ,
$R=a_{n-1}(x) \frac{\partial}{\partial x_{7l-1}}+a_{n}(x)\frac{\partial}{\partial x_{r\iota}}$ .
$[R, g]\in J$ $(a_{n-1}(x), a_{n}(x))$ .
$R$ , $R+h\in \mathcal{L}^{(1)}(\omega)$ $h$ .
$P=R+h$ , $P$ $V_{\gamma}^{(1)}$ $B_{\gamma}^{(1)}$
.
$T_{\gamma}$ , $E_{\gamma}=E\backslash T_{\gamma}$ .
, $|\gamma|=1$ $\gamma$ , $B_{\gamma}^{(1)}$ , $B^{(1)}=$
$\bigcup_{|\gamma|=1}B_{\gamma}^{(1)}$ .
3. $V^{(j)}$ ( $V^{(0)},$ $\ldots,$ $V^{(j-1)}$ )
$|\gamma|=j$ $\gamma$ , $V_{\gamma}^{(\sim)}$ .
$|\gamma’|=j,$ $\gamma’\prec\gamma$ $\gamma’$ $V_{\gamma}^{(\text{ } }$
.
V\mbox{\boldmath $\gamma$}(
$R=a_{\gamma}(x)( \frac{\partial}{\partial x})^{\gamma}+\sum_{|\gamma’|=j,\gamma’\prec\gamma}a_{\gamma’}(x)(\frac{\partial}{\partial x})^{\gamma’}+\sum_{|\beta|<j}a_{\beta}(x)(\frac{\partial}{\partial x})^{\beta}$
. , $a_{\gamma}(x)= \sum_{\lambda\neq 0}a_{\gamma,\lambda}x^{\lambda}\in E_{\gamma}’,$ $a_{\gamma’}(x)\in E_{\gamma’},$ $a_{\beta}(x)\in E_{\beta}$ .
$[R, g]\in \mathcal{L}^{(j-1)}(\omega)$ $(a_{\gamma}(x), a_{\gamma’}(x),$ $\beta(x))$
.
$R$ , $R+h\in \mathcal{L}^{(j)}(\omega)$ $h$ .
$P=R+h$ , $P$ V\mbox{\boldmath $\gamma$}( $B_{\gamma}^{(j)}$
.
$.E_{\gamma}=E_{\gamma}’\backslash \{x^{\alpha}\in E_{\gamma}’|\exists P\in V_{\gamma}^{(\text{ }}., \mathrm{s}.\mathrm{t}., \mathrm{h}\mathrm{t}(P)=x^{\alpha}\xi^{\gamma}\}$ .
$|\gamma|=j$ ’ , $B_{\gamma}^{(?)}$
, $B^{(j)}= \bigcup_{|\gamma|=j}B_{\gamma}^{(j)}$ .
, $B^{(0)}\cup B^{(1)}\cup\cdots\cup B^{(j)}$ $Ann_{D_{X}}^{(j)}$
,
$(\omega)$ .
, 3 $j=k$ , $D_{X}/Ann_{D_{X}}^{(k)},$
,
$(\omega)$
$\mu_{f}^{(k)}$ 1 , $B^{(0)}\cup B^{(1)}\cup\cdots\cup B^{(k)}$ $Ann_{D_{\lambda}}.$ . $(\omega)$ .
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. , . 21
, $\Omega_{f}$ , $\mathit{0}_{x,\mathit{0}}/J$
. , $J$
. , membership
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